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Abstract

The concentrations of 210Po and 210Pb have been determined in many local foods consumed by
societies residing on different Atolls in the Marshall Islands. The average daily intake of these two naturaily
occurring radionuclides from local and imported food is estimated to be 2.18 and 0.36 Bq, respectively.
Local foods contribute 87% of the 210Po and 47% of the 210Pb associated with the diet. The items
contributing the majority of the activity to the diet are derived from the marine environment and include
parts of fish, invertebrates, seabirds and eggs of seabirds. The committed effective dose from ingestion of
210Po and 210Pb is approximately 2 mSv y-! (200 mrem y-!). This pathway now contributes 83% of the
natural background irradiation received by residents in the Marshall Islands. Because the naturally
occurring radionuclides are omnipresent in terrestrial and marine foods at all atolls, the annual intake -and
computed dose can be considered as typical values for individuals with comparable diets and inhabiting

other islands in the Pacific.



Introduction

A large fraction of the radiation exposure experienced by individuals through ingestion of food is
from the naturally occurring radionuclides 219Po and 210Pb (UNSCEAR, 1988). Conclusions from previous
dietary studies (Holtzman, 1980) indicate that the intake rate of these radionuclides may vary considerably
because of differences in concentration among classes of food in the diet. According to UNSCEAR (1988)
the average dose rate from 210Pb and 210Po intake with food is about 0.12 mSv y-!. Greater than average
dose is experienced by populations with diets high in seafood (Holtzman, 1980):-

Average values for intake of 210Pb and 2lijo are available from a number of cities in eighteen
countries (Holtzman, 1980) but there exists little information on the levels of these naturally occurring
radionuclides in many local foods from the Marshall Islands or from other populated small islands in‘ the
Pacific Ocean where consumption of local seafood can be significant. Many of the items in the Marshallese
diet such as Breadfruit, Pandanus, Coconut crab, seabirds, some species of local fish, and the Tridacna clam
are unknown as food items to societies outside coral atolls. Refrigeration does not exist on many islands so
that locally collected food products are prepared for immediate consumption thereby maximizing the intake
of any 210Po,

The best available dietary information for the Marshall Islands (Robison, et al., 1980) reveals that,
on the average, 60% of the solid and liquid foods prepared for consumption is now imported. Twenty seven
percent of the local solid food consumed is derived from the marine environment; the remainder from
domestic animals and terrestrial crops. When imported foods are not available, marine foods are a larger
percentage of the solid food intake. For comparison, marine product in the average diet of individuals from
the United Kingdom represents only 1% of the total solid food intake (Smith-Briggs & Bradley, 1984). A
preliminary dose assessment, using the dose coefficients suggested in ICRP 30 (1979), revealed that
ingestion of the flesh only from some species of local reef fish at Enewetak Atoll in the Marshall Islands

resulted in a annual dose of 0.21 mSv from 210Po alone (Robison, et al. 1987).



A number of scientific expeditions have been made to Atolls in the Marshall Islands during the last
20 years to collect environmental samples for the measurement of different man-made radionuclides that
resulted from the series of U.S. nuclear tests conducted at Bikini and Enewetak Atolls between 1946 and
1958. Since the calculated annual effective dose from ingestion of 210Po associated with reef fish intake
alone was greater than the global average effective dose, a decision was made to broaden the available data
base for 210Po and 210Pb. Concentrations of 210Po and 210Pb have now been determined in many dietary
foods that were, in part, also collected for the man-made radionuclide studies. An assessment is made of the
annual intake and the estimated effective dose from these naturally occurring radionuclides in the food
ingestion pathway.
Diet Information

The variety and quantity of food consumed in the Marshall Islands is based on available knowledge
of dietary habits for adult Marshallese determined from questionnaires and interviews conducted by the
Micronesian Legal Services Corporation (MLSC) and a Marshallese school teacher on Ujelang (Robison et
al., 1980). The MLSC data has been used to estimate radiation exposure to members of several populations
from the residual man-made radioactivity generated at Bikini and Enewetak during the period of U.S.
nuclear testing (Robison, 1983). Predictions of the 137Cs body burden and dose using this diet model are
very close to the 137Cs body burdens determined in the population from whole-body measurements
(Robison, 1983). Consequently the MLSC diet is selected, rather than other proposed diets, to assess the
intake of 210Po and 210Pb with food and water.

During the last 45-50 years many Marshallese have experienced major changes in their lifestyle.
At most atolls there is a preference for imported foods that have substituted for local traditional foods
consumed in the past. Commercial transport to even the most remote Atoll is now available and is
reasonably reliable so it is unlikely that there will be a total absence of any desired imported food from the

diet.



Table 1.
Dietary Intake in the Marshall Islands.

Imported Food Imported Food
Available (IA) Unavailable (IUA)
Local Food Kgd! Kgd-1
Reef Fish 0.024 0.043
Pelagic Fish 0.018 0.047
Marine Crab 0.002 0.010
Lobster 0.004 0.018
Clams & Trochus 0.006 0.035
Coconut Crab 0.003 0.013
Octopus 0.005 0.025 -
Turtle 0.004 , 0.006
Turtle Eggs 0.009 0.117
Chicken Flesh 0.008 0.016
Chicken Liver 0.005 0.009
Chicken Gizzard 0.002 0.002
Chicken Eggs 0.007 0.021
Pork 0.019 0.021
Local Bird Flesh 0.003 0.013
Bird Viscera 0.002 0.005
Bird Eggs 0.002 0.011
Terrestrial Vegetation 0.259 0.604
Water & Water Products 0.947 0.530
Total Local Food & Water 1.328 1.543
Imported Food
Bread 0.102
Pancake-Cake 0.062
Rice 0.234
Potatoes 0.127
Sugar 0.065
Canned Meat 0.134
Canned Chicken 0.013
Canned Fish 0.146
Juice 0.491
Carbonated Drinks 0.338
Powdered Milk 0.073
Evaporated Milk 0.201
Noodles (Pasta) 0.006
Total Imported Food 1.992 0
Total Local and Imported Food 3.320 1.543




The best estimate of the type and quantity of imported and different local plants, organisms, and
water ingested is shown in the first two columns of Table 1. The type and quantity of local and imported
food described in Table 1 (IA diet) is considered to represent the current ("normal") adult diet at many
Pacific Atolls (Robison, 1983).

The diet silrvey also considered a situation where imported foods are unavailable (IUA) and
individuals have to rely only on domestic (local) foods. The average amounts of different local food ingested
when imported foods are absent from the diet(TUA) are also listed in Table 1. The total intake of 1.54 kg d-!
in this diet converts to a caloric intake of 1256 kcal d-1 (Robison, et al., 1987) which is less than an
individuals recommended allowance of 1600 to 4000 kcal d-1 (Robison, et al., 1987). Near famine
conditions have occurred at some atolls during the 1970's and domestic foods were used exclusively
(Robison, et al., 1980). It is probably unrealistic to consider these conditions will recur today. However, in
another context, a diet of only local foods could be looked upon as an example of the minimum amount of
food available for consumption by individuals prior to the early 1950's when supply of imported food was
relatively unreliable at many atolls. This diet and the normal (both imports and indigenous foods available)
diet will be used in conjunction with the radiological concentration data to compare past with present
intakes of 210Po and 210Pb.

Methods

Collection of Local Samples

Many of the marine and terrestrial samples for this study were collected from Bikini and Enewetak
Atolls, the sites of the U.S. nuclear testing program in the Pacific from 1946 to 1958. Some years ago
Beasley (1969) measured the 210Pb content in 15 samples of local sediment and soil that were contaminated
with fission and activation products from the test series. On the basis of the concentration data and other
available information, Beasley concluded that the 210Pb levels in the samples did not exceed the levels
expected to occur naturally. However a review of test data and other information shows that some long-lived

precursors of 210Pb may possibly have been associated with unburned weapon fuel or with other components



containing uranium having a high percentage of 238U (Lynch & Gudiksen, 1973; Schell, et al., 1980).
Therefore additional comparative data was collected to affirm that ﬁe levels of 210Pb (210Po) found were
naturaily occurring and not artificially enhanced at Bikini or Enewetak, or at Rongelap Atoll which
received some intermediate range fallout from tests conducted at the Pacific Proving Grounds. Samples
from control sites at Kwajalein, Majuro, Pohnpei, and in the equatorial Pacific ocean were collected to
generate comparative concentration data in fish, terrestrial foods and surface seawater. Data from these
comparisons and results from other samples will be discussed in another section of this report but all results
support the conclusion that 210Pb and/or 210Po levels in different environmental samples from Bikini,
Enewetak, or elsewhere in the Marshall Islands, do not exceed the levels expected to occur naturally.

Fig. 1 shows the geographical location of the Marshall Islands in the North Equatorial Pacific
Ocean and most of the Atolls visited on sampling programs.

Samples collected for analysis of 210Po and, in some cases, 210Pb include species of reef and
pelagic fish; Tridacna clam; lobster and marine crab; coconut and other land crabs; seabirds and seabird
eggs; chicken and chicken eggs; breadfruit; pandanus; coconut, papaya; pumpkin;, banana; and limes.
Terrestrial vegetation and organisms were collected by hand from locations where samples were abundant
and available on different islands of an Atoll. Surface seawater samples were collected from lagoons of
Atolls and the open ocean. The species of reef fish collected include: Mullet, Crenimugil crenilabis and
Neomyxus chaptalii; Convict surgeonfish, Acanthurus triostegus; Unicornfish, Naso lituratus: Rabbitfish,

Siganus rostratus; Bonefish, Albula vulpes; Flagtail, Kuhlia taeniura; Goatfish, Mulloidichthys samoensis;

and Parrotfish, Scarus sordidus. Throw nets were used exclusively to catch the reef fish at the different
Atolls. The pelagic species collected include: Grouper Epinephelus spilotoceps; Ulua, Caranx melanpygus.;
Jack, Caranx sp.; Snapper, Aprion virescens; Rainbow Runner, Elegatis bipinnulatus; Mackerel,

Grammatorcynus billineatus; and Bonito, Euthynnus affinis. All pelagic and benthic fish were collected in
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Fig. 1. Location of the Marshall Islands showing some of the Atolls where samples were collected.



the lagoons on sport fishing gear using feathered jigs and baited hooks. Divers collected clams and marine
invertebrates and the terrestrial invertebrates were collected by shore parties.

Several local food items identified in the diet survey were not sampled. We were unable to obtain
an octopus or turtle from any lagoon. A pig and turtle eggs were the only terrestrial foods not sampled.

Preparation and Analysis

Marine and/or terrestrial biota were segregated by type, transferred to plastic bags, frozen, and
shipped by air or sea in a frozen state to Lawrence Livermore National Laboratory (LLNL) for further
processing and analysis. Polonium was separated from 60-1 .sea water samples (and from 210Pb) shortly after
collection in the field. Samples were returned to the lab for plating and countiné.

On two occasions fish were dissected in the ficld within hours of collection and pooled samples of
tissues from the same species were prepared from four to twenty individual fish of similar size for analysis.
These samples were immediately decomposed by wet acid digestion onboard ship to separate and measure
the levels of any unsupported 219Bi, as well as 210Po and 210Pb (Noshkin, et al., 1984). These separations
were completed within 24 hours of collection to minimize the unavoidable growth-decay corrections.

At the LLNL laboratory the biota is thawed and the sample weighed. Specific parts and tissues are
separated from the different plants and animals. Aliquots of the fresh sample are weighed and, together
with 209Po as a tracer and stable lead carrier, dissolved in HNO3 and HCIO, acids. Lead and polonium are
precipitated from a basic solution with iron hydroxide. The hydroxide precipitate is dissolved in 0.5M HCI
and the polonium removed by spontaneous deposition onto silver discs in the presence of ascorbic acid at
90° C. The separation time of 210Po from 210Pb is recorded and the 210Po is measured, along with the 209Po
yield tracer, by alpha spectrometry.

After the 210Po separation, the ascorbic acid is decomposed with nitric acid and the lead chromate
is precipitated. This precipitate is dissolved in HCI and lead, with 210Pb, is separated from interfering
cations, including any remaining 210Po and 209Po by anion exchange. After the lead is eluted from the

column it is precipitated as the chromate for yield determination. The identification and concentration of






